Objective: To evaluate patient satisfaction with insulin glargine. Design: Multicentre observational registry. Data were collected at baseline/inclusion visit, and 12 and 24 weeks. Setting: Physicians in Hong Kong, who managed type 2 diabetes patients and had >5 years' experience in using insulin glargine. Patients: People with type 2 diabetes, new to insulin, aged 18 -75 years, who were previously being treated with ≤3 oral antidiabetes drugs (OAD) and had HbA1c > 7%, and in whom the physicians had chosen to prescribe glargine for the first time. Main outcome measures: Treatment satisfaction assessed by Diabetes Treatment Satisfaction Questionnaire (DTSQs), glycaemic control (fasting blood glucose and HbA1c) and adverse events. Results: Between April 2010-October 2011, 41 patients completed the study. Average duration of diabetes and OAD therapy was 7.8 ± 8.0 years and 6.7 ± 7.4 years, respectively. The global DTSQs treatment satisfaction scores improved from 20.9 at baseline to 28.4 (p < 0.05) at the end of 24 weeks insulin glargine treatment. Analysis of DTSQs scores showed a decrease in perceived frequency of hyperglycaemia (4.1 to 1.9, p < 0.001) and hypoglycemia (2.2 to 1.5, p = 0.079). Perceived convenience (0.60, p < 0.025) and flexibility (0.9, p < 0.009) were also improved from baseline. Reduction in mean HbA1c (10.2% ± 2.2% to 7.0% ± 1.0%) and fasting blood glucose (10.9 ± 4.0 mmol/L to 6.4 ± 1.8 mmol/L) from baseline to study termination was significant (p < 0.05). Almost half (48.7%) of patients achieved HbA1c ≤ 7.0%, while 26.0% patients had FBG < 5.6 mmol/L. In total, 9 (22.0%) patients experienced at least one hypoglycemia event; there were no reports of severe hypoglycaemia. Conclusions: Despite a small number of subjects completed in this study, the study demonstrated clearly that the addition of insulin glargine to OAD therapy in diabetes management improved treatment satisfaction and perceived frequency of hyper-and hypoglycaemia together with glycaemic control close to recommended target without severe side-effects in this cohort of patients in Hong Kong.
Introduction
Type 2 diabetes mellitus (T2DM) is a chronic, progressive disease resulting in microvascular (retinopathy, neuropathy, and nephropathy) and macrovascular (coronary artery disease, peripheral arterial disease, and stroke) complications. The main goal in clinical management of T2DM is to achieve and maintain a good glycaemic control in order to delay the onset and progression of these complications [1] . Glycosylated haemoglobin (HbA1c) is a valuable marker for glycaemic control, and while various medical bodies have recommended somewhat different HbA1c targets, the most widely accepted is the American Diabetes Association definition of adequate glycaemic control as HbA1c < 7.0% [2] [3] . Despite these guidelines, a majority of T2DM patients are unable to achieve their HbA1c targets [4] .
In early T2DM, glycaemic control can be reasonably attained by appropriate life style modifications and usage of oral antidiabetes (OAD) therapy [5] . However, given the progressive destruction of pancreatic islet cells over time in T2DM, a majority of T2DM patients will eventually require exogenous insulin [6] . In fact, it has been shown that within 6 to 10 years of initial diagnosis with T2DM, about 60% of the patients will need insulin therapy in order to achieve reasonable glycaemic control [7] [8] .
Despite the need for insulin treatment, numerous factors, both patient-and physician-related, prevent patients from receiving timely insulin treatment. About half of insulin-naïve patients with diabetes are either unwilling or somewhat willing to start insulin therapy [9] . This "psychological insulin resistance" stems from patient's concern about needles, potential weight gain and the fear of hypoglycaemia [10] . Furthermore, despite clinical data having shown the effectiveness of insulin in achieving glycaemic control, most physicians are reluctant to initiate insulin [10] [11] .
Insulin glargine (Lantus Solostar  by Sanofi) is the first basal insulin analogue with no pronounced peak in activity and a 24-hour duration that requires only once daily administration [12] . In comparison with neutral protamine Hagedorn (NPH) insulin, an intermediate-acting insulin, insulin glargine has an equivalent effect on glycaemic control albeit with a lower incidence of hypoglycaemia [13] - [16] . Observations from the Canadian INSIGHT (Implement New Strategies with Insulin Glargine for Hyperglycaemia Treatment) trial showed an achievement of HbA1c < 6.5% and improved quality of life in insulin-naïve, poorly controlled patients when insulin glargine was added to their existing OAD regimen [17] . Thus, insulin glargine can be used as the insulin of choice for achieving tighter glycaemic control without the fear of hypoglycaemia. Moreover, insulin glargine can be and is prescribed in combination with OADs in T2DM patients when OAD therapy alone is ineffective in achieving target HbA1c levels [18] [19] .
As the barrier to insulin treatment is often subject to cultural influence [10] , we conducted this study to ascertain the impact of insulin glargine on patient treatment satisfaction in insulin-naïve T2DM Chinese patients in Hong Kong, who were unable to achieve glycaemic control on OAD therapy alone. We also intended to assess the effectiveness of glargine in achieving targeted HbA1c and fasting blood glucose (FBG) goals as well as the tolerability profile of glargine in our study patients.
Methods

Study Design and Objectives
The Glargine Registry on Treatment Satisfaction was a multicentre, prospective, observational study aimed to analyze the patient satisfaction of insulin glargine in insulin-naïve T2DM patients, who had been on OAD therapy, but had inadequate glycaemic control. The other study objectives were to evaluate the effectiveness and safety of glargine in these patients at 24 weeks after insulin glargine initiation. This registry was conducted in accordance with the guidelines for Good Epidemiology Practice and the principles were laid down by the 18th World Medical Assembly (Helsinki, 1964 ) and all its applicable amendments.
Physician and Patient Population
Physicians, who were managing T2DM patients and having more than five years' experience in prescribing glargine, participated in this study. It was planned to recruit a total of 8 -15 endocrinologists to carry out this study.
Study patients were recruited consecutively by each investigator. Enrolled patients were of either gender, aged 18 -75 years, on OAD therapy with ≤3 agents, with HbA1c > 7% and had never been prescribed insulin therapy prior to enrolment. In addition, recruited patients had to be eligible for insulin therapy as per the physicians' judgement, be willing to self-perform regular blood glucose monitoring and filled in the Diabetes Treatment Satisfaction Questionnaire (DTSQs), and signed the data release consent. Those patients, who were treated previously with insulin or with >3 OAD agents; had participated in a clinical trial with any investigational drug within 30 days prior to study entry; were mentally disabled and were unable to understand or sign the data release consent; were unable to comply with follow-up visits; were pregnant or breastfeeding, were excluded from the study.
Study Visits and Data Collection
In addition to the baseline (recruitment) visit, patients had to visit the physician for two follow-up visits at 12 (±4) and 24 (±4) weeks after initiation of glargine therapy. Data collected included patient demographics and diabetes history (duration, therapy, HbA1c and FBG levels [within 4 weeks prior to baseline visit and within 2 weeks prior to follow-up visits], and risk factors). Patients were asked to complete a DTSQs form at baseline and at the end of the study. Data was also collected during the follow-up visits on incidences of hypoglycaemia and other adverse events, and reasons for discontinuation of insulin glargine, if any.
Safety and Weight Assessment
Safety was evaluated by reported incidents of hypoglycaemia and other adverse events. Hypoglycaemia was categorized as Grade 1 (symptoms only) if a patient had symptoms with a self-measured capillary glucose level of 56 mg/dL (3.1 mmol/L) or more, Grade 2 (minor) if the patient had symptoms with a self-measured capillary glucose level of less than 56 mg/dL (3.1 mmol/L), or Grade 3 (major) if third-party assistance was required. Weight was also evaluated at baseline, 12 weeks and 24 weeks after initiation of glargine therapy.
Statistical Analysis and Sample Size Calculation
All data recorded was analyzed in an explorative manner. The primary outcome variable of the change in DTSQs score from baseline to final follow-up was analysed by an ANOVA model that factored in the period and sequence effects. Continuous variables were presented as frequency, mean, median, standard deviation and extreme values while categorical variables were described by the frequencies of each modality. The defaulted study design does not have the follow-up data but the baseline characteristics of the discontinued patients were not statistically different from those who completed the study. Group comparison for continuous variables was done by repeated measure ANOVA (analysis of variance) or Kruskall-Wallis test while the same for categorical variables was done by paired t-test. All statistical analyses were performed at 5% significance using 2-sided tests or confidence intervals. Statistical analysis was performed using the SPSS software version 11.5 (IBM, New York, USA). The sample size was estimated based on LAPTOP results and an assumption of DTSQs score difference. Assuming a difference of DTSQs score between baseline and endpoint of 4, an alpha of 0.05, a standard deviation of 8.2 and a power of 80%. A sample size of 35 was required. Considering a dropout rate of 35%, at least 54 patients needed to be enrolled.
Results
Patient Demographics and Diabetes History
A total of 60 T2DM patients were recruited in the study during April 2010 to October 2011. Of these, 41 patients completed the study. Most of the patients who did not complete the study were lost to follow-up (n = 14). The reasons for the drop-outs were: protocol deviation (n = 1), need for prandial insulin (n = 1), non-compliance to insulin glargine (n = 2) and others (n = 1).
About two-thirds of the registry was composed of men (n = 27) ( Table 1 ). The mean age of the cohort was 53.0 (±11.1) years and the average body weight was 65.5 (±11.5) kg. The average duration of diabetes was 7.5 (±8.0) years and duration on OAD therapy was 6.7 (±7.4) years. Most of the patients (37%, n = 15) were on a combination of 2 OADs, and more than one-fifth (22%, n = 9) were taking 3 OADs; the average number of OADs per patient was 1.9. Fifteen percent (n = 6) were taking SU at baselin.
Over two-thirds (71%) of the patients presented with cardiovascular risk factors and 34% of the patients had already progressed to microvascular disease. The mean systolic and diastolic blood pressures were 132.6 (±19.7) mmHg and 76.8 (±11.2) mmHg, respectively. At the time of enrolment, the average HbA1c was 10.2 (±2.2)% while the mean FBG values was 10.9 (±4.0) mmol/L.
Diabetes Treatment Satisfaction Questionnaire (DTSQs) Score
The DTSQs score showed a positive change in treatment satisfaction with insulin glargine ( Table 2) . Statistically significant improvements were perceived for most items-satisfaction (p < 0.001), understanding (p < 0.001), recommend glargine to other patients with diabetes (p < 0.001), and a wish to continue glargine (p < 0.001). The overall mean change in DTSQs scale score from baseline to the end of the study was 7.5 (±1.8) units (p < 0.001) on the scale of 0 -36. With regards to patient perceived frequency of hyper-and hypo-glycaemia, there was a downward trend, indicating that the patients perceived fewer episodes of extreme blood glucose. The DTSQs item score for perceived frequency of hyperglycaemia reduced from 4.1 to 1.9 (p < 0.05) while that for hypoglycaemia reduced from 2.2 to 1.5 (p = 0.079).
Glycaemic Control
At the start of the study, the average HbA1c level in the cohort was 10.2% (±2.2%). By the first follow-up (12 weeks), the HbA1c had reduced markedly to 7.4% (±1.3) and further to 7.0% (±1.0) (p < 0.05) by the end of the study (Figure 1(a) ). About half (48.7%) of the patients with this therapy had achieved HbA1c levels ≤7%. A similar effect was observed on the FBG levels which dropped from 10.9 (±4.1) mmol/L at baseline to 6.8 (±2.3) at 12 weeks and further down to 6. 4 (±1.8) mmol/L by the end of the study (Figure 1(b) ). About one-fourth (26.0%) of the study patients achieved an FBG level of <5.6 mmol/L. At the end of 24 weeks, the study patients were taking an average of 1.6 OADs. A total of 12% (n = 5) had stopped OAD therapy, while the ones on 3 OADs had dropped to 7% (n = 3).
Hypoglycemia Events and Other Adverse Reactions
A total of 9 (22.0%) patients who were on glargine plus OAD reported at least one hypoglycemia event. The cohort experienced 16 hypoglycemia events (Grade 1 = 14, Grade 2 = 2) by the time of the first follow-up visit (0.8 episodes per year) and this was further halved to 8 (Grade 1 = 8; 0.4 episodes per year) by the end of the study (not statistically significant). No severe hypoglycaemia (Grade 3) was reported during the study. Additionally, there were no nocturnal hypoglycemia events reported. Other adverse events reported were mostly minor and none of these were judged to be treatment-related. No serious adverse event was reported.
Body Weight
There was modest weight gain from 65.5 (±11.5) kg at baseline to 67.6 (±11.6) kg by the end of the study, which did not reach statistical significance.
Insulin Dosing
Starting dose of glargine at recruitment was based individually as per clinical judgement of each doctor and altered as per the patients' needs during the study. In 32% of the patients (n = 13), insulin glargine was administered before bedtime while for the rest of the patients, glargine was administered in the morning. The insulin glargine dose increased during the 24 weeks of the study from a mean (+SD) daily starting dose of 10.6 + 3.5 IU 
Discussion
Disease progression in diabetes eventually leads to the requirement for exogenously administered insulin to achieve glycaemic control [6] . However, due to various factors that contribute to the patients' "psychological resistance"-fear of needles and concerns about weight gain and hypoglycaemia-insulin use can be hampered or delayed, resulting in unchecked progression of diabetic complications [10] [11] . It is therefore critical to evaluate satisfaction of treatment regimens from the patient's perspective to ensure a positive impact on compliance and adherence. The Glargine Registry on Treatment Satisfaction, conducted in Hong Kong, evaluated change in patient perception after addition of insulin glargine to OAD regimen in 41 patients with poorly controlled T2DM and no previous treatment with insulin. Furthermore, the registry also assessed the treatment-related effectiveness in terms of achieving glycaemic control and the tolerability in terms of incidence of hypoglycaemia with insulin glargine. In our study, the addition of insulin glargine to OAD therapy in diabetes management improved patient perception on treatment satisfaction and resulted in recommended glycaemic control without any severe sideeffects.
Our study demonstrated an improved DTSQs score over a period of 6 months from the start of glargine therapy to the end of the study. The DTSQs was designed to identify not only the perception of usage (satisfaction, convenience, flexibility and understanding) but also patients' willingness to continue with insulin glargine and recommend the same treatment to other diabetic patients. In addition, the DTSQs also measures patients' perceptions of unacceptably high and low blood glucose-hyperglycaemia and hypoglycaemia. The most pronounced change in DTSQs score was on patient perception of hyperglycaemia with a mean change of −2.3 (±2.4) units on a 6 to 0 scale (p < 0.05) between baseline and final follow-up. This change indicated that patients felt they had better control of their blood glucose levels after starting glargine. The improvement in scores on patients' willingness to continue insulin glargine and their willingness to recommend to others suggested that not only did patients in our study find the process of insulinization with glargine acceptable but they were also favourably predisposed to continuing with glargine as a part of their diabetes therapy. The changes in treatment satisfaction scores reported in our study were higher than those reported by others [17] [20]-it could be speculated that this might be due to differences in patient selection criteria and cultural/ethnic differences.
Numerous studies have been published over the last few years regarding the efficacy and utility of glargine over other insulin (NPH, detemir). However, the focus on patient satisfaction and quality of life has only started gaining importance in recent years and numerous questionnaires have been developed to assess various parameters governing these. These methods include the DTSQs [21] [22], Insulin Treatment Satisfaction Questionnaire (ITSQ) [23] , the Audit of Diabetes-Dependent Quality of Life (ADDQoL) [24] [25], the Diabetes Symptom Checklist-Revised (DSC-R) [26] , the Well-Being Questionnaire (W-BQ), [27] etc. Amongst one of the first, the INSIGHT trial used the DTSQs and ADDQoL scores to conclude that the benefits were significantly better in the glargine-receiving group [17] . A survey in Sweden utilized the DTSQ scores to assess the treatment satisfaction in >600 patients with diabetes to conclude that glargine therapy was associated with a high treatment satisfaction and resulted in a decrease in the perceived frequency of hyper/hypo-glycaemia [28] . The first landmark trial to exhaustively study patient perception and quality of life in patients with diabetes on glargine (and determir) was the multination Lantus vs. Levemir Treat-to-Target trial (>450 patients on glargine) [29] . This trial utilized various techniques to analyse the changes in patient perception like the DSC-R, World Health Organization 5 well-being index (WHO-5), Hypoglycaemia Fear Survey (HFS) and two versions of DTSQs. The researchers concluded that encouraging trends were found on fear of hypoglycaemia, diabetes symptom distress and emotional well-being of the patients who had received glargine. Recently, Hajos et al. reported the findings of a study conducted in more than 650 patients with diabetes in the Netherlands utilizing DSC-R, WHO-5 and a modified version of HFS and arrived at a similar conclusion that introduction of glargine in diabetes therapy was associated with improved quality of life [30] . Our study served to provide support to these findings and extended them for the first time (to the best of our knowledge) to a cohort of Chinese T2DM patients in Hong Kong.
Our study also served to recapitulate the synergistic effects of insulin glargine and OAD on achieving glycaemic control. The mean HbA1c level in our study patients was reduced from 10.2% at baseline to 7.0% by the end of the study (p < 0.05). Similarly, FBG levels also went down. In addition, the number of OADs that were required to lower the glucose level declined over the course of the study. Overall, about half (48.7%) of the pa-tients had achieved HbA1c levels <7.0%. Despite the small sample size of our study, the percentage of patients reaching the HbA1c goal of less than 7% was similar to other well-designed, large scale, international studies such as Treat-to-Target [14] , LANMET [16] , APOLLO [31] and LAPTOP [32] . All these studies demonstrated that adding insulin glargine was effective in helping half of the patients with uncontrolled T2 DM (HbA1c > 7.5%) on one or two OADs with no prior experience of insulin to achieve the HbA1c goal.
Physicians have been observed to have a propensity to under dose long-acting insulin analogues for better safety results with a relatively low incidence of hypoglycaemia in patients taking these analogues, especially those with T2DM [33] . Meta-analysis of a few large-scale studies concluded that hypoglycemia events were much reduced in patients receiving glargine in comparison with those on NPH [34] and the safety profile of glargine and detemir was comparable [29] . Glargine was also well-tolerated in this study. A total of 9 (22.0%) patients reported at least one hypoglycemia event, but the number of hypoglycemia events per patient-years showed a tendency to decrease by half from 16 (0.8 episodes per patient-year) at first follow-up to 8 (0.4 episodes per patient-year) by the end of the study (statistically not significant). Moreover, none of the patients experienced severe (Grade 3) hypoglycaemia at any time while on glargine. The total number of hypoglycemia episodes-per-patient year in this study was 0.8, which compared favourably with the 6.7 hypoglycemia episodes-per-patient year reported in the landmark LEAD (LANTUS Evaluation in Asian Diabetics) study [35] . This indicated that dose-adjustment and customization based on patient response can help in alleviating the risk of hypoglycaemia. Many other studies including LAPTOP, APOLLO and AT.LANTUS, have also suggested that a glargine-plus-OADs regimen was associated with better glycaemic control and low risk of hypoglycaemia [31] [32] [36] - [40] .
Another major concern for the patient taking insulin is weight gain. The average weight gain of our study patients was only 2.1 kg and did not reach statistical significance despite a major improvement in glycosylated haemoglobin of 3.2% by the end of the study. This may partly be attributed to the small sample size and inter-ethnic difference, and to the fact that our participants have a lower BMI than their Caucasian counterparts.
The reported study does have limitations. The major short-coming of this study was the small number of patients recruited. The recruitment did not meet the targeted sample size. A significant number of patients were lost to follow-up and it is possible that these patients might have had a less positive experience with glargine, which resulted in their dropping out. However, we did not find any significant differences in baseline characteristics between those who were lost to follow-up and those who completed the study. Second, it was a non-interventional and observational registry. Also, all our patients received insulin glargine and this prevented any comparison with other treatment modalities. Although we managed to show a significant improvement in DTSQs scores, the degree of improvement can be subject to selection bias. Lastly, this study only lasted for 24 weeks and it is always possible that treatment satisfaction might change over time. However, previous studies showed that once patients received insulin, they found that injection insulin was not as distressed as they have anticipated.
Conclusion
Our study showed that the addition of the insulin glargine to the OAD regimen in patients with poorly controlled T2DM, not only helped in achieving good glycaemic control, but also had a positive impact on the treatment satisfaction and the patients' anxiety over the hypoglycaemia and the weight gain. These findings should help alleviate concerns among patients and physicians that the early insulinization in T2DM management will have a negative effect on patients' satisfaction with the insulin treatment.
